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Abstract. Transcription factor activating enhancer binding 
protein 4 (TFAP4) is an important regulator in the genesis and 
progression of human cancers. Overexpression of TFAP4 has 
been found to be correlated with several malignancies. The 
present study assessed the clinical importance of TFAP4 in 
colorectal cancer (CRC). First, immunohistochemistry was 
used to analyze TFAP4 expression and the association of 
TFAP4 expression with clinicopathological features on a 
tissue microarray containing 208 CRC patients. The results 
revealed that TFAP4 protein expression was significantly 
upregulated in CRC tissues compared with that in normal 
colon tissues (P<0.001). Of note, statistical analysis revealed 
that TFAP4 expression was significantly correlated with a 
high pathological grade (P=0.034), advanced clinical stage 
(P=0.024), enhanced tumor invasion (P=0.002) and lymph 
node metastasis (P=0.041). In addition, the Cancer Genome 
Atlas dataset further validated that TFAP4 mRNA levels were 
increased in CRC with advanced clinical stage (P=0.026), 
lymph node metastasis (P=0.018) and vascular invasion 
(P=0.046). Kaplan‑Meier survival analysis demonstrated that 
CRC patients with high TFAP4 expression had shorter overall 

survival compared with those with low TFAP4 expression 
(P=0.011). Importantly, overexpression of TFAP4 was a valu-
able independent prognostic factor for CRC patients (hazard 
ratio, 8.200; 95% confidence interval, 1.838‑36.591; P=0.006). 
In summary, TFAP4 may have an important role in CRC 
progression and upregulation of TFAP4 may be a predictor of 
poor prognosis for CRC patients.

Introduction

Colorectal cancer (CRC) is the second most frequently 
diagnosed cancer and the fourth most frequent cause for 
tumor‑associated mortality (1). In China, it ranks 5th among 
all cancers in morbidity and mortality rates, with 164,900 
deaths in 2013 (2). CRC remains one of the most serious health 
problems worldwide.

Although several biomarkers were found to be closely 
involved in CRC carcinogenesis and progression (3), the asso-
ciated molecular mechanisms remain to be fully elucidated. 
Therefore, it is essential to identify novel markers, which may 
further clarify the biological characteristics of CRC, improve 
adjuvant treatments and predict clinical outcomes.

Basic helix‑loop‑helix (bHLH) transcription factors were 
identified to have important roles in cell proliferation and differ-
entiation (4). Transcription factor activating enhancer binding 
protein 4 (TFAP4) is a member of the bHLH leucine‑zipper 
subgroup (5), which was first reported in 1988 (6). Studies 
revealed that TFAP4 was overexpressed in gastric cancer (7), 
hepatocellular carcinoma (8) and non‑small cell lung carci-
noma  (9), and overexpression of TFAP4 predicted poor 
prognosis. Cao et al (10) found that high expression of TFAP4 
was correlated with poor differentiation, advanced Dukes 
stage and shorter 5‑year survival. In addition, TFAP4 was 
found to be a mediator of epithelial‑mesenchymal transition 
and metastasis in CRC (11). However, the prognostic signifi-
cance of TFAP4 in CRC has remained to be fully elucidated.

In the present study, a CRC tissue microarray (TMA) 
and The Cancer Genome Atlas (TCGA) dataset were used to 
investigate the expression of TFAP4 in CRC and its association 
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with the clinicopathological characteristics and prognosis of 
patients with CRC.

Materials and methods

Tissue samples. TCGA (https://tcga‑data.nci.nih.gov/docs/ 
publications/tcga/) is a public dataset with clinical informa-
tion and mRNA expression of all patients  (12). The TMA 
(http://www.alenabio.com/CO2161; no.  CO2161) with 208 
CRC and eight normal colon tissues was obtained from US 
Biomax (Rockville, MD, USA), accompanied with clinical 
information of all patients.

Immunohistochemistry (IHC). The Dako EnVision System 
(cat. no. K4004; Agilent Technologies, Inc., Santa Clara, CA, 
USA) was used for the IHC assay according to the manufactur-
er's instructions. In brief, after blockage of TMA specimens by 
proteolytic digestion and peroxidase, the slides were incubated 
overnight with rabbit anti‑human TFAP4 polyclonal antibody 
(cat. no. ab28512; 1:50 dilution; Abcam, Cambridge, UK) at 
4˚C. The slides were washed with PBS and then incubated with 
horseradish peroxidase‑labeled antibodies (cat. no. K4004; 
1:100 dilution; Agilent Technologies, Inc.) for 30 min at room 
temperature. Substrate chromogen (cat. no. K4004; Agilent 
Technologies, Inc.) was added for 1 min to visualize protein 
staining.

Evaluation of immunostaining. The TMA was analyzed using 
ImageScope v11 software (Aperio Technologies, Inc., Vista, 
CA, USA). Two pathologists were blinded to patient informa-
tion and evaluated protein expression in a semi‑quantitative 
manner. Scoring for staining intensity in each specimen was 
performed as follows: 0, no staining; 1, weak; 2, moderate; and 
3, strong. The percentage of staining was scored as follows: 
1, 0‑25; 2, 25‑50, 3, 50‑75 and 4, 75‑100%. The immunoreac-
tivity score (IRS) was determined by the addition of intensity 
and percentage scores. The scores given by the pathologists 
were compared and any discrepant scores were reevaluated to 
achieve a consensus score. Samples were divided into those 
with high (IRS> 4) and low (IRS≤ 4) TFAP4 levels (13).

Statistical analysis. SPSS 21.0 software (International 
Business Machines, Corp., Armonk, NY, USA) was used 
for statistical analyses. The correlation between TFAP4 and 
clinicopathological characteristics was analyzed by Fisher's 
exact test and Pearson's χ2 test. Overall survival was analyzed 
using the Kaplan‑Meier method and the log‑rank test. Cox 
proportional hazards regression was performed for univariate 
and multivariate survival analyses. The relative risk of death 
was expressed as the adjusted hazard ratio (HR) with the 
corresponding 95%  confidence interval  (CI). P<0.05 was 
considered to indicate a statistically significant difference.

Results

TFAP4 is significantly upregulated in CRC tissues. In order 
to explore the expression of TFAP4 in CRC, the present study 
first detected TFAP4 expression in a TMA by IHC (Fig. 1A). 
TFAP4 levels in CRC tissues were higher compared with 
those in normal colon tissues (IRS: 6.89±2.52 vs. 3.25±1.04; 

P<0.001; Fig. 1B). As presented in Fig. 1C and D, TFAP4 
signals were detected on the plasma membrane and in the 
cytoplasm of CRC cells. Of the 204 CRC samples, 46 (22.5%) 
had low TFAP4 expression, while 158 (77.5%) had high 
expression.

The present study further evaluated whether TFAP4 
expression was associated with clinicopathological charac-
teristics of CRC patients in the TMA cohort. As presented 
in Table I, overexpression of TFAP4 was associated with a 
high pathological grade (P=0.034), advanced clinical stage 
(P=0.024), enhanced tumor invasion (P=0.002) and lymph 
node metastasis (P=0.041). These findings indicated that 
TFAP4 may have an important role in CRC progression.

High TFAP4 mRNA levels are correlated with CRC progres-
sion and poor prognosis. To validate the findings of the 
TMA, the TCGA dataset comprising 192  primary CRC 
tissues and 51 normal colorectal tissues was analyzed. It was 
found that TFAP4 mRNA was significantly upregulated in 
CRC tissues compared with that in normal tissues (P<0.001; 
Fig. 2A). The correlation of TCGA mRNA expression with 
clinicopathological characteristics was then analyzed in the 
192 CRC patients. As presented in Table I, TFAP4 mRNA was 
significantly upregulated in CRC with advanced clinical stage 
(P=0.026), lymph node metastasis (P=0.018) and vascular 
invasion (P=0.046).

To further evaluate the prognostic value of TFAP4 in 
CRC patients, Kaplan‑Meier survival curves were drawn to 
compare the prognosis between patients with high and low 
TFAP4 expression from the TCGA dataset (Fig. 2B). The 
mean TFAP4 mRNA level (556.59±208.47 counts of frag-
ments per kilobase million) in the TCGA dataset was used 
as a cutoff value to divide patients into high and low TFAP4 
expression groups (13). Overall survival time after surgery in 
the high and low TFAP4 expression groups were 39.41±5.372 
and 45.40±3.124 months, respectively. Importantly, patients 
with higher TFAP4 expression had a shorter survival time, 
whereas patients with lower TFAP4 expression had a longer 
overall survival time (log‑rank, 6.507; P=0.011).

TFAP4 is an independent prognostic factor for the survival 
of CRC patients. Finally, the Cox proportional hazards model 
was used to evaluate whether TFAP4 is a valuable predictor 
for the survival of CRC patients from the TCGA dataset. As 
presented in Table II, univariate analysis indicated that TFAP4 
was a significant prognostic factor (HR, 3.332; 95%  CI, 
1.245‑8.923; P=0.017), and multivariate analysis further 
revealed that TFAP4 was an independent prognostic factor in 
CRC (HR, 8.200; 95% CI, 1.838‑36.591; P=0.006).

Discussion

TFAP4 is a transcription factor that is ubiquitously expressed 
in human tissues and recognizes the E‑box sequence CAGCTG 
in the promoters of target proteins  (14). A previous study 
demonstrated that the TFAP4 gene is a direct transcriptional 
target of c‑MYC, and inhibited cell cycle arrest induced by 
DNA damage and differentiation (15). Another study reported 
that MYCN promoted the malignancy of neuroblastoma by 
regulating the expression of TFAP4 (16).
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Figure 1. Immunohistochemical staining for TFAP4 in colon cancer and normal colon tissues. (A) Staining pattern of the TMA. (B) Immunoreactive score in 
cancerous tissues were higher than those in normal colon tissues. **P<0.01. (C) Microscopy image of sample B12 in A and an enlarged window, demonstrating 
a strong staining for TFAP4 on the plasma membrane and in the cytoplasm of cancer cells. (D) Microscopy image of sample A13 in A and an enlarged window, 
demonstrating that TFAP4 expression was weak in the cytoplasm of cancer cells. (E) Microscopy image of sample I16 in A and an enlarged window, revealing 
that TFAP4 expression was negative in the normal colon tissues. The red arrows indicate positively stained cells (original magnifications, x100 and x400). 
TFAP4, transcription factor activating enhancer binding protein 4; TMA, tissue microarray.

Table I. Correlation of transcription factor activating enhancer binding protein 4 expression with clinicopathological characteristics 
of colorectal cancer patients.

	 TMA	 TCGA
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
						      TFAP4 levels
				    P‑value		  (mean ± standard
Clinical feature	 Total (n)	 Low n (%)	 High n (%)	 (χ2 value)	 Total (n)	 deviation)	 P‑value

Age				    0.955 (0.003)			   0.735
  <60	 119	 27 (22.7)	 92 (77.3)		    38	 566.90±236.07	
  ≥60	   85	 19 (22.4)	 66 (77.6)		  154	 554.05±201.85	
Gender				    0.834 (0.044)			   0.958
  Male	 117	 27 (23.1)	 90 (76.9)		    94	 557.41±200.82	
  Female	   87	 19 (21.8)	 68 (78.2)		    98	 555.81±216.58	
Pathological grade				    0.034 (4.543)	
  ≤2	 146	 37 (25.3)	 109 (74.7)		  ‑	 ‑	 ‑
  >2	   41	 4 (9.8)	   37 (90.2)		‑	‑	‑   
Clinical stage 				    0.024 (5.097)			   0.026
  I‑II	 146	 39 (26.7)	 107 (73.3)		  108	 527.62±204.84	
  III‑IV	   58	 7 (12.1)	   51 (87.9)		    81	 595.60±209.22	
Tumor invasion				    0.002 (9.484)			   0.586
  T1‑T2	   23	 11 (47.8)	   12 (52.2)		    44	 543.02±256.64	
  T3‑T4	 181	 35 (19.3)	 146 (80.7)		  132	 562.84±190.00	
Lymph node metastasis				    0.041 (4.159)			   0.018
  N0	 149	 39 (26.2)	 110 (73.8)		  114	 526.22±202.95	
  N1‑2	   55	 7 (12.7)	   48 (87.3)		     77	 598.73±210.17	
Distant metastasis				    0.462 (1.206)			   0.760
  M0	 193	 45 (23.3)	 148 (76.7)		  158	 555.94±212.82	
  M1	   11	 1 (9.1)	   10 (90.9)		    30	 568.68±185.61	
Vascular invasion							       0.046
  No	‑	‑	‑	‑	     118	 536.81±212.20	
  Yes	‑	‑	‑	‑	       41	 613.62±206.31	

‘‑’ indicated a lack of related information for the patient. TMA, tissue microarray; TCGA, the cancer genome atlas.
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A recent study reported that silencing of TFAP4 inhibited 
human lung cancer cell proliferation, caused cell cycle arrest 
at G0/G1 phase and induced apoptosis by modulating p21 and 
cyclin D1, suggesting that TFAP4 may be an oncoprotein and 
may have therapeutic potential in lung cancer (17). Liu et al (18) 
also found that knockdown of TFAP4 inhibited gastric cancer 
cell proliferation, induced apoptosis and sensitized cancer cells 
to anti‑cancer drugs, indicating that TFAP4 has a potential drug 
target value in the treatment of gastric cancer.

TFAP4 was also identified as a prognostic factor in several 
cancer types, including gastric cancer  (7), hepatocellular 
carcinoma (8) and non‑small cell lung cancer (9). However, 
the prognostic value of TFAP4 in CRC has remained elusive. 
To investigate this, the present study assessed TFAP4 protein 
levels in a TMA containing 193 CRC and 8 normal colon 
tissues. IHC analysis revealed that TFAP4 was located on 
the plasma membrane and in the cytoplasm of CRC cells, 
and TFAP4 was upregulated in CRC compared with normal 
tissues. In addition, overexpression of TFAP4 was found to 
be significantly associated with a high pathological grade, 
advanced clinical stage, enhanced tumor invasion and lymph 
node metastasis (all P<0.05). More importantly, these findings 
were further validated in the TCGA dataset, where TFAP4 

upregulation was significantly associated with advanced 
clinical stage, lymph node metastasis and vascular invasion 
(all P<0.05). Taken together, these findings indicated that 
TFAP4 may have an oncogenic role in the carcinogenesis and 
progression of CRC.

Furthermore, overall survival was compared to assess the 
prognostic value of TFAP4 expression in CRC patients from 
the TCGA dataset. It was found that overexpression of TFAP4 
was significantly correlated with shorter overall survival. The 
Cox proportional hazards model further revealed that TFAP4 
was an independent predictive factor for the survival of CRC 
patients.

In conclusion, although the findings of the present study 
require further validation by analysis of additional samples and 
the exact molecular function of TFAP4 remains to be clarified, 
the present study suggested that TFAP4 has an important role 
in CRC progression and may be a valuable and independent 
prognostic factor for CRC patients.
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